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Background: Professional soccer players are often evaluated with asymptomatic lesions of the ankle and foot, and such
abnormalities may eventually become clinically relevant.
Purpose: To ascertain the prevalence of foot and ankle abnormalities in elite professional adult soccer players.
Study Design: Case series; Level of evidence, 4.
Methods: Professional adult male elite soccer players (n ¼ 37) underwent magnetic resonance imaging (MRI) scans of both their
feet and ankles. All competed for their respective national junior or adult soccer teams. MRI scans were performed with 1.5-T
scanners and analyzed independently by 2 experienced radiologists.
Results: The MRI scans of 86.5% of the players showed degenerative joint disease (DJD) in at least 1 of the joints of the foot and
ankle. Articular cartilage lesions in the joints of the foot and ankle were evident in 42% of the scans. Of all lesions, 17% were grade
3 or 4 (Noyes and Stabler classification) cartilage lesions and accompanied by subchondral bone marrow edema. The greater the
age, weight, and height of the players, the greater was the odds ratio of DJD of the ankle joint. Synovitis in at least 1 of the joints of
the foot was detected in 64% of the MRI scans. Leg dominance significantly correlated with bone marrow edema of the talus.
Conclusion: Elite professional soccer players are often evaluated with a high prevalence of asymptomatic osteochondral lesions
with subchondral bone marrow edema in the foot and ankle. These osteochondral lesions may remain asymptomatic or, with the
continuing high-intensity stresses that modern professional soccer demands of its athletes, may evolve and cause foot and ankle
pain. It is unclear whether and which interventions can be implemented to prevent the occurrence of these abnormalities in the first
place.
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Worldwide, about 200,000 professional soccer athletes16,22
are exposed to a high risk of lower limb joint trauma during
training and matches,3,18,29 including joint injuries of the
hip, knee, and ankle.3,15,23 These joints are exposed to
weightbearing and rotational motions, and as such, these
athletes are at high risk of developing early degenerative
joint disease (DJD).4,20,30,31,33 Professional soccer training
and competition play a major role in both the cause and
epidemiology of DJD of the lower limbs, given the synergy
of overuse, high-impact physical activity, and the high fre-
quency of joint trauma.3,20,30,31
Joint injuries are very common in professional soccer
players,17,18 and 17% to 40% of these injuries affect the
ankle.12,13,21 This might lead to a higher incidence of intra-
articular abnormalities in the lower limb joints.5,28 However,
the literature on asymptomatic ankle and foot abnormalities
in these athletes is scarce, and the prevalence of DJD
changes in professional soccer athletes is undefined. There-
fore, we investigated a cohort of asymptomatic elite profes-
sional male soccer players for evidence of early signs of DJD.
METHODS
This study was performed from December 2014 to January
2019. Approval to conduct the study was given by the local
ethics committee, and all participating athletes provided
signed informed consent. Eligible for the study were 52
professional male elite soccer players who, during the study
period, underwent a thorough medical examination before
signing contracts with top-tier soccer clubs of the Russian
Premier League. Magnetic resonance imaging (MRI) scans
of both the feet and the ankles of each player (n ¼ 74) were
taken before the players started to play for their team. Via a
questionnaire, leg dominance was determined from the
self-reported preferred kicking leg.
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The players were included in the study if they fulfilled
the following criteria: (1) age  18 years; (2) no foot and
ankle complaints at the time of clinical examination; (3)
no history of ankle and foot surgery; (4) no foot and ankle
surgery during the 12 months after the clinical and MRI
examination performed for the purposes of the present
investigation; (5) a signed valid professional contract with
their soccer club after successfully passing a presigning
medical examination; (6) began soccer training by the age
of 6 years; (7) competed for their respective national
junior or adult soccer team; and (8) participated in at least
80 (80-140) matches in the professional leagues of their
countries of origin.
Exclusion criteria were as follows: (1) a history of foot
and ankle surgery or any other lower limb joint surgery;
(2) professional soccer training starting after the age of 7;
(3) participation in soccer matches during the 5 days before
the MRI; (4) history of injury of the foot and ankle that
caused absence from training for more than 7 days; and
(5) history of peri-articular and/or intra-articular injections
into the joints of the foot and ankle.
Of the 52 initial players, 37 were included in the study
(mean age, 25.5 ± 4.3 years; range, 18-33 years; body mass
index [BMI], 22.6 ± 1.2 kg/m2). Figure 1 shows the partic-
ipant inclusion process.
Imaging
All MRI scans were performed with 1.5-T scanners (Philips
Ingenia and Siemens Magnetom) with an extremity coil,
using the sagittal, axial, and coronal planes with standard
pulse sequences and proton density–weighted images with
fat saturation (PD-WI FAT SAT), turbo inversion recovery
magnitude (TIRM), T2-weighted and T1-weighted. The
slice thickness was 3 mm. All images were obtained with
the patient supine and nonweightbearing.
All MRI scans of the ankle and foot were analyzed to
evaluate the presence of articular effusion severity, sub-
chondral bone marrow edema (BME), DJD, Achilles tendon
abnormalities, cartilage lesions, os trigonum, the Stieda
process, Haglund deformity, and heel spurs. A heel spur
was defined as spiking of the calcaneal attachment of the
plantar fascia.
DJD was defined as consisting of joint and articular car-
tilage abnormalities. Two separate classifications were
used to grade them. One, the Kellgren-Lawrence system
was used to grade joint abnormalities19:
 Grade 0: no radiographic features of DJD are present;
 Grade 1: doubtful joint space narrowing (JSN) and pos-
sible osteophytic lipping;
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Figure 1. Flowchart for participant inclusion. MRI, magnetic
resonance imaging.
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 Grade 3: multiple osteophytes, definite JSN, sclerosis,
and possible bony deformity;
 Grade 4: large osteophytes, marked JSN, severe sclero-
sis, and definite bony deformity.
Two, the imaging appearance of the articular cartilage of
the foot and ankle joints was assessed with a modified
Noyes and Stabler scale,23 as used in our previous work6
and validated for our setting:
 Grade 0: normal thickness and signal;
 Grade 1: normal thickness with an altered signal;
 Grade 2: superficial partial-thickness cartilage defect
(<50% of the total cartilage thickness affected);
 Grade 3: deep partial-thickness cartilage defect (>50%
of the total cartilage thickness affected);
 Grade 4: full-thickness chondral defect with exposure of
subchondral bone
The appearance of the articular cartilage of the foot and
ankle joints was evaluated independently of the Kellgren-
Lawrence evaluation and is reported separately.
BME was defined as an area of low signal intensity on
T1-weighted images and an area of high signal intensity on
PD-WI FAT SAT and TIRM. The presence of synovitis was
evaluated in 4 joints: ankle, subtalar, tarsometatarsal (Lis-
franc joints), and transverse tarsal (Chopart) joints.
The Haglund deformity was measured using the angle of
Fowler and Philipp, the angle of Steffensen and Evensen,
and the parallel pitch line techniques.10
The presence of joint effusion was evaluated using
sagittal MRI scans. Since only a thin layer of fluid was
present between the adjacent articular bones, it was
decided to calculate the volume of joint fluid using the
formula of an ellipse (length  width  height  0.52) in
4 recesses: (1) anterior recess of the ankle joint, (2) pos-
terior recess of the ankle joint, (3) posterior recess of the
true (posterior) subtalar joint, and (4) anterior recess of
the talocalcaneal articulation of the talocalcaneonavicu-
lar joint. The fluid volume typically present in these
joints is usually up to 3.5 to 4 mL. Synovitis in these
joints was diagnosed if the calculated joint fluid volume
was above these values.
Achilles tendon abnormalities were defined as an
increased intratendinous signal on PD-WI FAT SAT,
TIRM, and T1-weighted images, and tendon enlargement,
with or without edema in the Kager fat pad. Cartilage
lesions were evaluated in the tibiotalar, fibulotalar, talona-
vicular, calcaneocuboid, subtalar, and tarsometatarsal
joints. The tibia, fibula, talus, and calcaneus were evalu-
ated for BME. All images were randomized utilizing the
eFim Workstation software (IBM Watson Health) and
saved for subsequent analysis. Two independent radiolo-
gists with at least 7 years of experience in musculoskeletal
sports medicine imaging (A.B. and K.K.) analyzed the
images. The radiologists were blinded as to patient age,
fitness level, and whether the scans of the right and the left
foot and ankle were from the same individual.
Statistical Analysis
The data were stored in a Microsoft Excel spreadsheet and
analyzed using SPSS Statistical Package Version 23.0
(IBM). The results were considered statistically significant
at P < .05. Distribution normality was assessed using the
Kolmogorov-Smirnov test. Logistic regression was used to
analyze the association between osteochondral lesions and
anthropometric parameters. The correlation between age,
BMI, and cartilage lesions was assessed using Spearman
rank correlation coefficient. The Mann-Whitney test was
used to compare cartilage lesions in the dominant and non-
dominant leg. Descriptive statistics (mean ± SD) were cal-
culated. The Spearman rank correlation coefficient, logistic
regression, chi-square test, Fisher test, Kolmogorov-
Smirnov test, and Mann-Whitney U-test were used for the
analysis. The relevant statistical methods are listed in the
tables.
RESULTS
Of the 37 study participants, 30 (81%) were right-leg dom-
inant, 5 (14%) were left-leg dominant, and 2 (6%) were
ambidextrous. A total of 64 ankle joints (86.5%) were eval-
uated with evidence of DJD of various severity in at least
1 of the joints examined. DJD was observed in 3 or 4 joints
in 26 players (35.1%; 26/74), most commonly in the
talonavicular, tibiotalar, and subtalar joints (Table 1 and
Figures 2 and 3).
Articular cartilage lesions in the examined joints were
evident in 31 MRI scans (42%). The talonavicular joint
was affected in 26 cases (35%). Seventeen percent of all
MRI scans had grade 3 or 4 cartilage lesions. These
lesions were associated with BME in all cases (Table 2
and Figures 4 and 5).
Higher body mass and height and older age were associ-
ated with a higher incidence of DJD of the tibiotalar joint,
while older age was associated with grade 3 or 4 cartilage
lesions of the talonavicular joint (Table 3).
A statistically significant positive association was found
between age, weight, BMI, and DJD of the tibiotalar joint
and between talonavicular joint cartilage lesions and age.
TABLE 1
DJD Prevalence by Localization and Severity Grade
(n ¼ 74)a
Kellgren-Lawrence Classification
Joint Grade 1 Grade 2 Grade 3 Grade 4
Tibiotalar 16 (21.6) 1 (1.3) 0 (0) 0 (0)
Fibulotalar 0 (0) 0 (0) 0 (0) 0 (0)
Talonavicular 26 (35.1) 23 (31) 2 (2.7) 0 (0)
Subtalar 15 (20.3) 1 (1.3) 0 (0) 0 (0)
Calcaneocuboid 9 (12.2) 4 (5.4) 0 (0) 0 (0)
Tarsometatarsal 0 (0) 4 (5.4) 0 (0) 1 (1.3)
aData are reported as n (%).
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Figure 2. Degenerative joint disease in a 28-year-old
professional soccer athlete. Sagittal and axial magnetic
resonance imaging projections show signs of Kellgren-
Lawrence grade 4 degenerative joint disease at the level
of the tarsometatarsal joint (Lisfranc) (in circle) in the form
of thinning of the articular cartilage with exposure of the
articular surfaces, uneven narrowing of the joint space,
areas of dystrophic bone marrow edema, and small
cystic restructuring in adjacent bones and marginal
osteophytes.
Figure 3. Degenerative joint disease in a professional soccer
athlete (in circle).
TABLE 2
Cartilage Lesion Prevalence by Location and Severity
Grade (n ¼ 74)a
Modified Noyes and Stabler Classification
Joint Grade 1 Grade 2 Grade 3 Grade 4
Tibiotalar 3 (4) 1 (1.3) 3 (4) 0 (0)
Fibulotalar 1 (1.3) 0 (0) 0 (0) 0 (0)
Talonavicular 18 (24.3) 3 (4) 4 (5.4) 1 (1.3)
Subtalar joint 0 (0) 0 (0) 1 (1.3) 0 (0)
Calcaneocuboid 2 (2.7) 0 (0) 0 (0) 0 (0)
Tarsometatarsal 1 (1.3) 0 (0) 1 (1.3) 3 (4)
aData are reported as n (%).
Figure 4. Sagittal and axial magnetic resonance imaging scans
of a cartilage lesion of the tarsometatarsal joint in a 19-year-old
professional soccer athlete. Signs of grade 3 (modified Noyes
and Stabler classification) cartilage lesion at the level of the
tarsometatarsal joint (Lisfranc joint) (in circle) in the form of thin-
ning of the articular cartilage with exposure of the articular sur-
faces and signs of bone marrow edema in the subchondral
divisions of the base of the fourth metatarsal bone.
Figure 5. Sagittal and axial magnetic resonance imaging scans
of a cartilage lesion of the transverse tarsal joint in a 21-year-old
professional soccer athlete. Signs of grade 3 (modified Noyes
and Stabler classification) cartilage lesion at the level of the trans-
verse tarsal (Chopart) joint (in circle) in the form of thinning of the
articular cartilage with exposure of the articular surfaces and
signs of bone marrow edema in the subchondral navicular bone.
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Synovitis in at least 1 of the joints of the foot was detected
in the MRI scans of 50 feet (67.6%). Synovitis most com-
monly affected the ankle and subtalar joints, its incidence
being 40.5% and 39% (30 and 29 cases), respectively.
Greater body mass was associated with a significantly
higher prevalence of synovitis in the Chopart joint (calca-
neocuboid and talonavicular joints). There was no statisti-
cally significant association between leg dominance and the
presence of synovitis in any of the joints examined, carti-
lage lesions, or DJD. However, leg dominance was signifi-
cantly associated with BME of the talus (Table 4)
Cartilage lesions of the tibiotalar and talonavicular joints
showed a significant association with player age (Table 4).
An os trigonum was found in 39% (n ¼ 29) of the scans,
and Haglund deformity was found in 12% (n ¼ 9) of the
scans (Figure 6). The presence of an os trigonum was asso-
ciated with a prominent Stieda process (P ¼ .01) (Figure 7).
There was no evidence of a statistically significant associ-
ation between the presence of an os trigonum and calcaneo-
cuboid cartilage lesions, DJD of the talonavicular joint, and
ankle joint synovitis.
DISCUSSION
The current study demonstrated a high prevalence of
asymptomatic changes in the ankle and hindfoot of elite
professional male soccer players. The MRI scans of 86.5%
of players showed DJD, and cartilage lesions of different
severity were detected in 42% of the scans. Noyes and Sta-
bler grade 3 or 4 cartilage lesions with findings of BME
were observed in 17% of the scans. The greater age, weight,
and height increase the probability of the presence of DJD
of the ankle joint. Also, there was a high prevalence of
synovitis and os trigonum, which was associated with syno-
vitis in the posterior aspect of the ankle.32 There was a
statistically significant positive association between leg
dominance and BME of the talus.
The high prevalence of asymptomatic changes in the foot
and ankle evidenced in the present study is in line with
previous studies in athletes. There was a 100% prevalence
of osteochondral and soft tissue damage in the ankles of
asymptomatic professional snowboarders (mean age, 23.4
years)7 as well as a high prevalence of asymptomatic abnor-
malities in the Achilles and other tendons in the lower limb
of elite fencers.14
Tenosynovitis, Achilles tendon abnormalities, synovitis,
BME, and lateral malleolus ligament injuries are signifi-
cantly more frequent among juvenile male soccer players
than in control patients,16 and similar findings have been
demonstrated in adult male soccer players.21 However,
these studies did not evaluate cartilage lesions and did not
ascertain the association between leg dominance and osteo-
chondral lesions.16,22
In former professional soccer athletes, the prevalence
rate of osteoarthritis (OA) of both the hip and the knee is
significantly higher compared with that of age- and sex-
matched controls. However, data on the OA or DJD of the
ankle and foot are not available. The data provided by Kuijt
et al20 showed that OA of the ankle joint is more prevalent
than in the general population based on the prevalence of
self-reported diagnosed ankle OA (between 12% and 17%).
However, it should be considered that the incidence of
radiographic DJD in the general population reaches
12%.11,20,28
Armenis et al3 showed that the radiographic evidence of
DJD of the ankle and foot was present in 8.8% of soccer
players, compared with 3.7% in the general population
(P < .05). However, in this study, soccer players did not
report more clinical symptoms of OA than the general
TABLE 3
Association Between Osteochondral Lesions and Anthropometric Parametersa
Age Weight Height BMI
Presence of DJD of the tibiotalar joint P ¼ .03
OR ¼ 1.162
95% CI ¼ 1.015-1.33
P ¼ .007
OR ¼ 1.125
95% CI ¼ 1.033-1.226
P ¼ .022
OR ¼ 1.113
95% CI ¼ 1.016-1.22
P ¼ .2
Presence of cartilage lesions of the tibiotalar joint P ¼ .15 P ¼ .37 P ¼ .37 P ¼ .61
Presence of DJD of the talonavicular joint P ¼ .07 P ¼ .67 P ¼ .47 P ¼ .81
Presence of cartilage lesions of the talonavicular joint P ¼ .021
OR ¼ 1.392
95% CI ¼ 1.051-1.844
P ¼ .25 P ¼ .32 P ¼ .77
aStatistically significant associations (P< .05) include odds ratio (OR) and 95% CI. Polynomial logistic regression. DJD, degenerative joint
disease.
TABLE 4









P ¼ .76 P ¼ .66




P ¼ .12 P ¼ .23
BME of the talus P ¼ .08 P ¼ .3 P ¼ .043
aBolded P values indicate statistical significance (P < .05).
BME, bone marrow edema; BMI, body mass index.
bSpearman correlation coefficient and P value.
cMann-Whitney test.
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population, which indicates that many such foot and ankle
lesions are clinically asymptomatic.3
The higher incidence of cartilage lesions and BME of the
talus in the dominant leg might be explained by the more
frequent foot-to-ball contact of the dominant leg. Thus, leg
dominance might be an additional risk factor for injuries in
professional soccer players, as previously shown in soccer
players sustaining anterior cruciate ligament injuries.8
The present study showed a high prevalence of os trigo-
num in elite professional players involved. It seems that
professional soccer athletes have a higher prevalence of os
trigonum than the general population. Given the repetitive
resisted plantarflexion of the ankle required of soccer, an os
trigonum syndrome (a type of posterior ankle impingement
syndrome), flexor hallucis longus tenosynovitis, or entrap-
ment can therefore be more frequent in soccer players than
other athletes.2
The role of footwear in lower limb injuries is debatable.
Soccer boots may increase the plantar pressures in elite
male professional soccer athletes and lead to excessive foot
loadings and subsequent DJD.9 We did not control for
footwear, and this may be interpreted as a limitation of our
investigation
The association between age, BMI, and osteochondral
lesion incidence in the foot and ankle has been previously
described.15,24 However, we could not identify any studies
showing the effects of age and height on the incidence and
severity of the asymptomatic osteochondral lesions of the
foot in professional soccer players.
Findings of asymptomatic foot and ankle abnormali-
ties might be important to improve the diagnostic preci-
sion of clinical examination of patients with nonspecific
foot pain.26,29 In addition to clinical examination and
thorough medical history collection, MRI is routinely
employed for accurate diagnosis. This enables evaluation
of possible articular cartilage lesions, BME, and liga-
ment injuries.1 Most studies on this topic are of a low
level of evidence, and management lacks evidence-based
support.25
Our study has several limitations. It lacks a control
group, and we did not perform biomechanical assess-
ment to analyze whether the players had lower limb
malalignment. It also should be noted that the sample
is small given the necessarily limited number of elite
professional soccer players of that level: this obviously
affects the statistical power of our investigation. Also,
the Kellgren-Lawrence scale used in our study is widely
used in similar research, but we are aware that there
are other scales that may be used to assess the degree of
DJD of the foot and ankle, such as the modified Taka-
kura scale,27 which was specifically developed for OA of
the ankle. We did not calculate inter- or intraobserver
variation in the grading systems used in our study. This
may be viewed as a significant limitation. In this inves-
tigation, we did not study the relationship between the
position on the field, which could account for different
physical demands during training and matches, and
the imaging changes detected. Moreover, the possible
relationship between the muscular balance of the
lower extremities and the changes detected was not
studied.
Figure 6. Sagittal magnetic resonance imaging scans showing os trigonum. (A) Os trigonum in a 22-year-old professional soccer
athlete (in circle). (B) Os trigonum with coexistent synovitis in posterior synovial bursa of the ankle joint in a 24-year-old professional
soccer athlete (in circle). (C) Os trigonum with coexistent bone marrow edema in a 21-year-old professional soccer athlete (in
circle).
Figure 7. Sagittal magnetic resonance imaging scans show-
ing a Stieda process (A) in a 24-year-old professional soccer
athlete (in circle) and (B) with coexistent bone marrow edema
(in circle).
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CONCLUSION
Elite professional soccer players are often evaluated with a
high prevalence of asymptomatic osteochondral lesions
with subchondral BME in the foot and ankle. This should
be taken into account when interpreting MRI scans for
diagnostic and presigning purposes. These osteochondral
lesions may remain asymptomatic or, with the continuing
high-intensity stresses that modern professional soccer
demands of its athletes, evolve and cause foot and ankle
pain. It is unclear whether and which interventions can
be implemented to prevent the occurrence of these abnor-
malities in the first place. Further research should focus on
studying the natural history of the osteochondral lesions
evidenced at MRI and their possible association with
increased foot and ankle injuries. Future research should
aim to study the effects of various preventive training and
treatment programs on the progression of the changes iden-
tified, along with the acute impact of professional soccer
practice on articular cartilage using markers of cartilage
degradation.
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